ABSTRACT Swormlure-2 (SL-2), the chemical attractant of the adult Cochliomyia hominivorax (Coquerel), was 17 to 56% more attrdctive during about the first 5 days of field exposure than SL-2 exposed only I or 2 days (considered fresh). Allractancy of SL-2 declined steadily after 5 days of exposure; after about II days, it was half as attractive as fresh SL-2. Sex ratios were not affected by changes in attractancy. An average of 40.5% of the SL-2 evaporated during about the first 5 days of exposure. Group I chemicals (iso-butanol, sec-butanol, dimethyl disulfide, acetic acid and butyric acid) exhibited high and then rapidly declining rates of evaporation as exposure time increased. Group II chemicals (phenol, valeric acid, p-cresol, benzoic acid, and indole) exhibited low but relatively constant rates of evaporation; they comprised a larger, and eventually the greatest, proportion (52.7%) of the SL-2 vapor as exposure time increased. Fly capture rates (attractancy) and group I dosage were positively correlated, but fly capture rates and group II dosage were not. Loss of allractancy, however, may have resulted from the increased proportion of group II in SL-2 vapor. Loss of allractancy, therefore, appeared to result from changes in composition, but not decreases in dosage of SL-2 vapor. Temperature and wind were the main weather-related factors affecting evaporation.
The development of a chemical attractant for adult screwworms,
Cochliomyia hominivorax (Coquerel), (Jones et at. 1976 ) and its later improvement in the form of Swormlure-2 (SL-2) (Coppedge et at. 1977) revolutionized survey technology for this insect. Swormlure-2 is a mixture of 10 compounds (mole %): sec-butanol (12.2%), iso-butanol (12.0%), dimethyl disulfide (11.0%), acetic acid (19.6%), butyric acid (12.2%), valeric acid (10.3%), phenol (9.8%), p-cresol (9.2%), benzoic acid (1.8%), and indole (1.9%). In Bishopp-type fly traps (Bishopp 1916) , SL-2 was at least as attractive for screwworms as decomposing liver (the previous attractant), and it attracted fewer other Diptera. Therefore, sorting fly catches and servicing traps required considerably less time and labor. Later, Coppedge et at. (1978) developed a bait-toxicant system for screwworms (Screwworm Adult Suppression System [SW ASS]) in which SL-2 was particularly suited as the attractant. Fly surveys and SW ASS are essential elements of the screwworm eradication program now in progress in Mexico.
Recently, as eradication efforts have advanced southward into Mexico, a steady decrease in the attractancy of SL-2 has occurred. The problems of poor attractancy may be associated in part with humid tropical environments, but this is not always the case. Broce (1980) found that SL-2 and some of the individual components stimulated sexual activity, and he suggested that SL-2 mimicked' the odor of flowers at fly aggregation sites. Other odors from natural sources may serve as competitive attractants for screwworm flies. Little more is known about the biological activity of SL-2 or about the effects 'Received for publication 10 March 1983; accepted 18 July 1983. Mention of a proprietary product does not constitute an endorsement by the USDA. of the environment on SL-2. In an effort to better understand SL-2, we examined the effects of field exposure on its attractancy and chemical composition.
Materials and Methods

Fly Collections
Responses of sterile flies to newly exposed SL-2 and SL-2 exposed for a longer time were compared. A reservoir bottle (60-ml glass) with 40 ml of SL-2 and a no. 2 cotton dental wick (II cm long) was placed in each of six wind-oriented (WO) traps (Broce et al. 1977) . Three of the SL-2 samples were considered fresh. These were exposed for only 2 days; thereafter, the sample was replaced every 2 days. Three were considered aged; they were exposed 3 to 22 days and never replaced. The traps were rotated daily for 22 days among six locations (> 100 m apart) near the Comision Mexico Americana screwworm mass rearing facility, Tuxtla Gutierrez, Chiapas, Mexico. Continual releases of sterile flies (Aricruz of DE-9 strains) at the facility provided a high and stable population of flies. Trapped flies were collected daily, identified as screwworm or the secondary screwworm, C. macellaria (F.), and sexed. Reagent grade chemicals were used to prepare SL-2; the attractant was formulated by the method of Coppedge et al. (1977) . The test was replicated three times in 1980: January (no. I), April (no. 2), and June and July (no. 3).
Chemical Studies
Concurrent with fly collections, the evaporation of 10 individual compounds was monitored when SL-2 was exposed under field conditions. Forty-two bottles of SL-2 with wicks were prepared as previously described and placed in screen boxes (4 by 9 by 13 cm; capacity, two bottles per box) (Broce et at. 1977) . The s<;reen boxes were in tum mounted on an upright, wood-framed wire screen (0.9 by 1.7 m) with a 1.9-cm plywood roof (1.1 by 1.7 m) on top. The wire screen, mounted on sup-JOURNAL OF ECONOMIC ENTOMOLOGY Vol. 76, no. 6 ports, was placed in the shade of a nearby building and arranged perpendicularly to the prevailing winds. The bottles of SL-2 were constantly exposed to the prevailing winds and were out of direct sunlight. At days 0 through 8 and days 10, 12, 14, 18, and 22 of exposure, respectively, three bottles with wicks pushed in the bottle and allowed to equilibrate with the remaining liquid were capped, sealed, and stored at -40°C until transported to the ARS, USDA, laboratory at Mission, Tex., for chemical analysis. Ambient temperature and relative humidity (RH) were monitored with a hygrothermograph (Belfort Instrument Co.), rainfall was recorded with a tipping-bucket rain gauge (Weather Measure Corp.), and wind was recorded (April and June-Ju]y replicates only) with a totalizing anemometer (Casella, London).
Amounts of the 10 SL-2 components remaining after exposure were determined with a gas-liquid chromatograph (GLC). For these determinations, the three sample bottles from each treatment were taken from freezer storage and brought to room temperature. Each bottle was thoroughly mixed. A 2-m] amount of the remaining SL-2 was pipetted from each sample bottle into a preweighed, 60-ml small-mouth bottle with a polyethylenelined screw cap. The weight of the sample was determined; 200 mg of 3-methyl-l-butanol (for an internal standard) and 50 ml of absolute methanol were then added and thoroughly mixed. A 2-,...] amount of this solution was injected on a Hewlett-Packard model 5756B OLC equipped with a flame ionization detector, a glass column (2 m by 4 mm 1.0.) packed with 10% free fatty acid phase (FFAP) plus 1% phosphoric acid in Chromosorb W-HP (80 to 100 mesh),and a Hewlett-Packard model 3380A digital integrator. The flow rate of nitrogen, the carrier gas, was 30 ml/min. The OLC was programmed for a temperature increase from 40 to 225°C at 30°C/min. The average amounts (moles) of each component evaporated in a treatment were determined by subtracting the amounts remaining in each sample bottle of the treatment from the amounts of the respective components in an unexposed sample.
Data Analyses. The attractancy of aged SL-2 at any given exposure time was measured by the percent capture with aged SL-2: fly capture rate (FCR) = (total number of flies captured with aged SL-2) x ]00 -;-(tota] number flies captured with aged + fresh SL-2).
Sixty, 50, or 33% FCR indicated that attractancy of aged SL-2 was one-third more, equal to, or half that of fresh SL-2, respectively. Computations of the FCR were made both on a daily basis, in which they were subjected to a 3-day running average, and on different groups of consecutive days (stages). Three stages were examined: (I) the 3 days immediately before the FCR declined from :;'50% to <50%; (II) the 3 days subsequent to stage I (beginning the first day of <50% FCR); and (III) days 15 to 18 of exposure. Therefore, stage I was a period of peak attractancy, stage II was the period of initial wane of attractancy, and stage III was a period of pronounced loss of attractancy. Evaporation of individual components and combinations of components of SL-2 (dosages) was computed for the same time frames as was the FCR. Direct comparisons, therefore, were possible between the FCR (attractancy) and the dosage and composition of the SL-2 vapor. For computing correlation coefficients where dosage and the FCR were compared, dosages were subjected to a -Illog data "40 ml (at first exposure) of SL-2 in a 60-ml bottle with an 11-cm colton dental wick.
bGroup I = components with the five lowest boiling points; II = components with the five highest boiling points.
'0 = Unexposed SL-2 or 0 time exposure; I, II, and III represent 3-5, 6-8, and 15-18 days of exposure, respectively. See text for further explanation.
"Group I + group II. 'FeR = (lotal number flies captured with aged SL-2) x 100 -;-(total number of flies captured with aged + fresh SL-2). !Numbers in parentheses = percent difference in quantity evaporated during stage I.
transformation. Among replications, the relationship between average daily temperature and total SL-2 evaporated was also examined.
Results and Discussion
Data presented in Tables I and 2 and Fig. I show how the composition, dosage, and attractancy of SL-2 vapor changed as exposure time increased. The components are listed in the tables based on increasing boiling point, which approximates decreasing rate of evaporation. To facilitate statistical analysis in some cases ( Table I, Fig. I ), results were <;ombined in groups and evaporation of the more volatile components was compared with the evaporation of the less volatile components. Group I (iso-butanol, sec-butanol, dimethyl disulfide, acetic acid, and butyric acid), the more volatile components, was compared with evaporation of group II (phenol, valeric acid, p-cresol, benzoic acid, and indole), the less 'volatile components. This group selection was based on the fact that group I and IIcomponents generally decreased and increased in percentage of the total SL-2 vapor, respectively, as exposure time increased (Table 2) . For benzoic acid, high experimental error in GLC measurements and very low evaporation rates (ca. 0.0003 moles/day) made measurements of evaporation difficult and account for missing data.
The FCR was >50% (54.0 to 60.7%, based on the 3-day running average) for the first 7, 5, and 4 (mean = 5) days of exposure for replications I, 2, and 3, respectively. Thus, attractancy of SL-2 during these periods increased 17 to 56%. These initial increases in attractancy could not be explained. The amounts of SL-2 evaporated during these periods were 35.4, 54.5, and 27.8% (mean = 40.5%) of the total SL-2 for replications I, 2, and 3, respectively. After these periods, the FCR generally was never again above 50%; exceptions were days 8 and 13 of exposure for replication 2 and days 2, 8, 10, and 12 of exposure for replication 3.
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. . Table 3 . Weather data and total SL-2 evaporation for the three replications These reverses may have been real, but they might be attributed to a combination of location effects of traps and small collections of flies. The lowest FCR was ca. 30 to 35% (a reduction in attractancy by about halt) and occurred from about day II of exposure until the end of the test. Sex ratios of fly collections fluctuated throughout the test but were not affected by changes in attractancy of aged SL-2. The slope of the regression line was -0.00129, indicating little difference in sex ratios between aged and fresh SL-2 fly collections. Therefore, sex ratios were not influenced by changes in the composition of the SL-2 vapors.
The FCR was 56.2, 48.1, and 31.0% during stages I, II, and III, respectively. Group I accounted for 66% of the composition of unexposed SL-2. At peak attractancy (stage I), group I accounted for 78.2% of the total SL-2 evaporated in stage I. As attractancy waned, group I evaporation declined and accounted for 67.0 (stage II) and then only 47.3% (stage III) of the total SL-2 that evaporated during those stages, respectively. Group I evaporation also declined in terms of real quantities. Quantities were 0.0240, 0.0151, and 0.0042 moles/day during stages I, II, and III, respectively (Table I, Fig.   I ), Sec-butanol and iso-butanol, dimethyl disulfide, and acetic acid appeared to evaporate the most rapidly of all components. Evaporation rates were 23 to 55% less and 81 to 91 % less during stages II and III, respectively, than during stage I (Table I) . In two replications, dimethyl disulfide had completely evaporated by stage III (Table 2) . Group II accounted for 33.3% of the composition of unexposed SL-2. Group 2 accounted for 21.8% of the SL-2 evaporated in stage I, but increased to 33.0 and 52.7% of the total during stages II and III, respectively. However, evaporation of group II remained more constant than evaporation of group I in terms of real quantities. Quantities of 0.0067, 0.0074, and 0.0047 moles/day evaporated during stages I, II, and III, respectively (Table I, Fig. I) .
Overall, evaporation rates of SL-2 were 27 and 71 % less during stages II and III, respectively, than during stage I. Dosage of SL-2 vapor, however, did not appear to be correlated with FCR, despite the statistics to the contrary (r = 1.000; P~0.01). For example, in the periods before the FCR dropped below 50% and was uniformly high, evaporation among the three replications was not equal and ranged from 28 to 55% of the total SL-2. In replication I, the dosage of SL-2 vapor increased 190% from stage I to stage II, but the FCR declined from 50.9 to 34.8% (Table 2) . In another study, Broce et al. (1979) compared plastic and cotton wicks as dispensers of SL-2 and found that a 9-to 12-fold decrease in dosage with the plastic wick did not affect attractancy. Group I exhibited high and then rapidly declining rates of evaporation, whereas group II exhibited low but relatively constant rates. The FCR was more correlated with dosage of group I (r = 0.999, P~0.05) than with dosage of group II (r = 0.872; not significant). Of the individual components, dosages of iso-butanol (r = 0.999; P~0.05), acetic acid (r = 0.999; P~0.05), butyric acid (r = 0.997; P < 0.05), and dimethyl disulfide (r = 0.995; not significant) showed the highest correlations with FCR. The percent composition of groups I and II in SL-2 vapor was also highly correlated with the FCR (r = +0.999 and -0.999, P~0.05, for groups I and II, respectively), which suggested that the increased proportion of group II in SL-2 vapor might be responsible for decreased attractancy (Tables I and 2 ).
Decrease in attractancy began at days 4 to 7 of exposure (stage II), at which time group I evaporation had decreased by 37% (range among components: -19 to -55%) and group II evaporation had increased by II % (range among components: -30 to + 35%) ( Table I ). The loss of attractancy of SL-2 thus resulted from the effects of individual or collective decreases in evaporation of certain components in group I, and the upset of component ratios in SL-2 vapor resulting from these decreases. Despite the poor correlation between group II evaporation and the FeR, group II was still considered a necessary component of SL-2. Relative composition and not the dosage of the vapor was the main factor affecting the attractancy of SL-2.
Weather-related factors appeared to be primarily responsible for differences in evaporation rates among the three replications (Table 3) . In replication 2, the highest average temperature, the lowest average RH, and the highest winds occurred. This replication also had the highest evaporation rates of SL-2; 54.5 and 92.7% of the total SL-2 had evaporated by days 5 (final day of >50% FCR) and 22 (final day of test) of exposure, respectively. Average daily temperature and total evaporation were highly correlated (r = 0.998; P~0.05).
